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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a polymer elec-
trolyte fuel cell stack and is used for portable power sourc-
es, electric vehicle power sources, and domestic cogen-
eration systems.
[0002] The polymer electrolyte fuel cell causes a gas-
eous fuel, such as gaseous hydrogen, and an oxidant
gas, such as the air, to be subjected to electrochemical
reactions at gas diffusion electrodes, thereby generating
the electricity and the heat simultaneously.
[0003] One example of the polymer electrolyte fuel cell
stack is described below with reference to Fig. 10.
[0004] A pair of catalytic reaction layers 62, which are
mainly composed of carbon powder with a platinum metal
catalyst carried thereon, are closely attached to opposite
faces of a polymer electrolyte membrane 63, which se-
lectively transports hydrogen ions. A pair of diffusion lay-
ers 61 having both the gas permeability and the electron
conductivity are further arranged on the respective outer
faces of the catalytic reaction layers 62. The catalytic
reaction layer 62 and the diffusion layer 61 constitute
each electrode 69. The electrodes 69 and the polymer
electrolyte membrane 63 are integrally formed to con-
struct a membrane electrode assembly (hereinafter re-
ferred to as MEA) 70. Gas sealing members and gaskets
are disposed around the electrodes 69 across the poly-
mer electrolyte membrane 63, in order to prevent sup-
plies of gaseous fuel and oxidant gas from leaking outside
the fuel cell stack or from being mixed with each other.
These gas sealing members and gaskets may be inte-
grated with the MEA 70 in advance.
[0005] Referring to Fig. 15, in the fuel cell stack having
the above configuration, one sealing technique arranges
sealing members 127 and O rings 128 around the elec-
trodes 69 across the polymer electrolyte membrane 63,
in order to prevent the gaseous hydrogen and the air from
leaking outside the fuel cell stack or from being mixed
with each other. Another sealing technique arranges gas-
kets 129, which are composed of an appropriate resin or
metal and have substantially identical thickness with that
of the electrode 69, around the electrodes 69 as shown
in Fig. 16. In this structure, the clearance between a sep-
arate plate 64 and the gasket 129 is sealed with an ad-
hesive or grease.
[0006] Another recently proposed technique shown in
Fig. 17 causes specific parts of the MEA 70 that require
the gas sealing property, to be impregnated previously
with a resin 131, which has sealing effect and subse-
quently solidifies. The solidified resin 131 ensures the
gas sealing property between the MEA 70 and the sep-
arator plate.
[0007] A pair of conductive separator plates 64 are ar-
ranged across the MEA 70 so as to mechanically fix the
MEA 70 and cause the MEA 70 to electrically connect
with the adjoining MEAs 70 in series. A specific part of

the separator plate 64 that is in contact with the MEA 70
has a gas flow path 65, which feeds the supply of the
gaseous fuel or the oxidant gas to the surface of the elec-
trode 69 and flows out the gas evolved by the reaction
and the remaining excess gas. The gas flow path 65 may
be formed independently of the separator plate 64. As
shown in Fig. 10 and Figs. 15 through 17, however, a
groove formed on the surface of the separator plate 64
generally constitutes the gas flow path 65.
[0008] Most of the fuel cell stacks have a laminate
structure in which a large number of unit cells are laid
one upon another. A cooling plate is provided for every
one or two unit cells, in order to cause the heat produced
with the electric power in the course of operation of the
fuel cell stack to be out of the fuel cell stack. The cooling
plate is generally a thin metal plate which a heat medium,
such as cooling water, flows through. This structure
makes the cell temperature kept at a substantially fixed
level and enables the generated thermal energy to be
unitized, for example, in the form of warm water.
[0009] Another possible application makes the sepa-
rator plate 64 itself function as the cooling plate. In this
case, a cooling water flow path is formed on the rear face
of the separator plate 64, which is included in each unit
cell, to make a flow of cooling water. In this structure, O
rings and gaskets are also required to seal the heat me-
dium, such as cooling water. The O rings in the seal
should be smashed completely to ensure the sufficient
electric conductivity across the cooling plate.
[0010] Such a cell laminate typically requires supply
inlets and exhaust outlets of the gaseous fuel and the
cooling water to and from the respective unit cells, which
are respectively joined to manifolds. Various arrange-
ments and layouts of these manifolds are classified into
two groups, that is, an internal manifold type and an ex-
ternal manifold type.
[0011] US 5514487 describes a fuel cell stack wherein
all the inlet and outlet parts are at the some end of the
stack. JP 04355061 describes a fuel cell stack wherein
the inlet manifold distributes supplies in the same direc-
tion that the outlet manifold discharges exhausts.
[0012] The general arrangement is the internal mani-
fold type, in which the supply inlets and the exhaust out-
lets of the gaseous fuel and the cooling water are dis-
posed inside the cell laminate. In the case where the
reformed city gas is used as the gaseous fuel to drive
the cells, however, the CO concentration rises in the
downstream area of the flow path of the gaseous fuel.
This may cause the electrode to be poisoned with CO,
which results in lowering the temperature and thereby
further accelerating the poisoning of the electrode. In or-
der to relieve the deterioration of the cell performance,
the external manifold type is noted as the structure that
increases the length of the gas supply and exhaust unit
between the manifold and each unit cell.
[0013] In either of the internal manifold type and the
external manifold type, the required process lays a plu-
rality of unit , cells including the cooling units one upon
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another in one direction to provide a cell laminate, ar-
ranges a pair of end plates outside the cell laminate, and
fixes the space between the pair of end plates with fas-
tening rods. It is naturally desirable to urge the whole
face of each unit cell as uniformly as possible. In other
words, it is desirable that the substantially uniform com-
pressive force is applied to the whole laminating faces
of the cell laminate. From the viewpoint of the mechanical
strength, the end plates and the tie rods are generally
made of a metal material, such as stainless steel. These
end plates and fastening rods are electrically insulated
from the cell laminate by insulator plates, so that the elec-
tric current does not run outside through the end plates.
One proposed technique for fastening a cell laminate
makes the fastening rods pierce the through holes
formed in the separator plates. Another proposed tech-
nique binds the whole cell laminate on its periphery in
the laminating direction with metal belts.
[0014] In any of the sealing methods shown in Figs.
15, 16, and 17, the constant compressive force is re-
quired to maintain the sufficient sealing property and en-
sure the small contact resistance between the electrodes
and the separator plates and between the separate
plates. One adopted structure inserts a coiled spring or
a belleville or disc spring between the fastening rod and
the end plate. The compressive force ensures the electric
contact between the respective constituents of the cells
including the separator plates, the electrodes, and the
electrolyte membranes.
[0015] For the stable performance of the cell laminate,
it is required to supply the gaseous fuel, the oxidant gas,
and the cooling water evenly to the respective unit cells.
The general structure adopted for that purpose increases
the cross section of the manifold, which the supplies of
the respective fluids flow through. The large cross section
decreases the flow rate of each fluid in the manifold and
reduces the effects of the pressure gradient due to the
dynamic pressure of the fluid. In order to reduce the whole
size and weight of the fuel cell stack, on the other hand,
it is required to minimize the cross section of the manifold.
[0016] In the conventional configuration, the electricity
produced in the cell laminate is collected by a pair of
current collectors and output to external equipment con-
nected to the respective terminals of the current collec-
tors. In the case of the current collectors each having a
specific extension protruded from the contour of the cell
laminate, the specific extensions of the current collectors
are connected to the external equipment. This means
that the site of electrical contact is outside the contour of
the cell laminate. This undesirably makes the whole fuel
cell stack bulky and lowers the degree of freedom when
the fuel cell stack is mounted on equipment.
[0017] The object of the present invention is thus to
solve the above problems and to provide a polymer elec-
trolyte fuel cell stack that is small in size and light in weight
and has a high degree of freedom when the fuel cell stack
is mounted on a variety of equipment.

SUMMARY OF THE INVENTION

[0018] The present invention provides a polymer elec-
trolyte fuel cell stack that includes a cell laminate, which
has a plurality of unit cells that are laid one upon another
via conductive separators. Each of the unit cells includes
a polymer electrolyte membrane, a pair of electrodes that
are arranged across the polymer electrolyte membrane
and respectively have a catalytic reaction layer, and a
unit for feeding a supply of gaseous fuel containing gas-
eous hydrogen to one of the electrodes and for feeding
a supply of oxidant gas containing oxygen to the other
of the electrodes. The polymer electrolyte fuel cell stack
further includes: an inlet manifold that distributes supplies
of the gaseous fuel, the oxidant gas, and cooling water
through the cell laminate in a first direction from a unit
cell on one end of the cell laminate to a unit cell on the
other end of the cell laminate; and an outlet manifold that
discharges exhausts of the gaseous fuel, the oxidant as,
and the cooling water through the cell laminate in a di-
rection opposite to the first direction from the unit cell on
the other end of the cell laminate to the unit cell on the
one end of the cell laminate.
[0019] In accordance with one preferable application,
the polymer electrolyte fuel cell stack further includes: a
pair of end plates that are disposed on opposite sides of
the cell laminate to apply a compressive force to the re-
spective unit cells of the cell laminate in a laminating di-
rection; a pair of current collectors that collect electricity
(current) the respective unit cells, each of the current
collectors having a specific part that pierces the end plate;
and a pair of insulating members, each of the insulating
members being interposed between the current collector
and the end plate.
[0020] It is also preferable that the inlet manifold and
the outlet manifold are respectively arranged on opposite
side faces of the cell laminate and in parallel to a lami-
nating direction of the respective unit cells.
[0021] In accordance with one effective arrangement,
the inlet manifold has a cross section gradually decreas-
ing towards a downstream thereof, and the outlet mani-
fold has a cross section gradually increasing towards a
downstream thereof.
[0022] In accordance with another preferable applica-
tion, the inlet manifold and the outlet manifold are ar-
ranged around a periphery of the cell laminate, so as to
bind or fasten the respective unit cells and reduce a con-
tact resistance between adjoining unit cells.
[0023] In accordance with another effective arrange-
ment, flow paths of the gaseous fuel, the oxidant gas,
and the cooling water are disposed in each of the end
plates in a direction perpendicular to a laminating direc-
tion of the respective unit cells.
[0024] The present invention is further directed to a
polymer electrolyte fuel cell stack that includes a plurality
of the cell laminates discussed above, wherein the cell
laminates are connected with each other via chamber
having a plurality of flow paths through which supplies of
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the gaseous fuel, the oxidant gas, and the cooling water
are fed to each of the cell laminates.

BRIEF DESCRIPTION OF SEVERAL VIEW OF DRAW-
INGS

[0025]

Fig. 1 is a front view schematically illustrating a fuel
cell stack in one embodiment of the present inven-
tion;
Fig. 2 is a top view schematically illustrating the fuel
cell stack shown in Fig. 1;
Fig. 3 is a sectional view illustrating the fuel cell stack,
taken on the line X-Y of Fig. 2;
Fig. 4 is a perspective view illustrating another fuel
cell stack in another embodiment of the present in-
vention;
Fig. 5 is a sectional view illustrating the fuel cell stack,
taken on the line P-Q of Fig. 4;
Fig. 6 is a side view schematically illustrating an ar-
rangement of end plates in a fuel cell stack of the
present invention;
Fig. 7 is a top view schematically illustrating the fuel
cell stack shown in Fig. 6;
Fig. 8 is a side view schematically illustrating another
arrangement of end plates in another fuel cell stack
of the present invention;
Fig. 9 is a top view schematically illustrating the fuel
cell stack shown in Fig. 8;
Fig. 10 is a perspective view schematically illustrat-
ing a cell laminate including two unit cells;
Fig. 11 is a perspective view schematically illustrat-
ing a fuel cell stack of the present invention in Ex-
ample 1;
Fig. 12 is a perspective view schematically illustrat-
ing a fuel cell stack of the present invention in Ex-
ample 3;
Fig. 13 is a perspective view schematically illustrat-
ing separator plates used in Example 3;
Fig. 14 is a graph showing the relationship between
the thermal conductivity of the manifold and the sta-
bility of cell output with regard to a fuel cell stack in
Example 5;
Fig. 15 is a partial vertical sectional view schemati-
cally illustrating a cell laminate for the purpose of
description of a prior art sealing method;
Fig. 16 is a partial vertical sectional view schemati-
cally illustrating another cell laminate for the purpose
of description of another prior art sealing method;
and
Fig. 17 is a partial vertical sectional view schemati-
cally illustrating still another cell laminate for the pur-
pose of description of still another prior art sealing
method.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The present invention provides a polymer elec-
trolyte fuel cell stack that includes a cell laminate, which
has a plurality of unit cells that are laid one upon another
via conductive separators. Each of the unit cells includes
a polymer electrolyte membrane, a pair of electrodes that
are arranged across the polymer electrolyte membrane
and respectively have a catalytic reaction layer, and a
unit for feeding a supply of gaseous fuel containing gas-
eous hydrogen to one of the electrodes and for feeding
a supply of oxidant gas containing oxygen to the other
of the electrodes. The polymer electrolyte fuel cell stack
further includes: an inlet manifold that distributes supplies
of the gaseous fuel, the oxidant gas, and cooling water
in a sequence of lamination from a unit cell on one end
of the cell laminate to a unit cell on the other end of the
cell laminate; and an outlet manifold that discharges ex-
hausts of the gaseous fuel, the oxidant gas, and the cool-
ing water in an inverted sequence of lamination from the
unit cell on the other end of the cell laminate to the unit
cell on the one end of the cell laminate.
[0027] The fuel cell stack of the present invention may
have either an external manifold arrangement or an in-
ternal manifold arrangement.
[0028] The following describes the fuel cell stack of the
present invention having the external manifold arrange-
ment with reference to the drawing. Fig. 1 is a front view
schematically illustrating a fuel cell stack in one embod-
iment of the present invention. The fuel cell stack shown
in Fig. 1 includes a cell laminate 1 and an inlet manifold
2, which is arranged on one side face of the cell laminate
1 to distribute supplies of a gaseous fuel, an oxidant gas,
and cooling water in a laminating direction. The inlet man-
ifold 2 enables the supplies of the gaseous fuel, the ox-
idant gas, and the cooling water to be distributed and fed
from one side face of the cell laminate 1 in the sequence
of lamination from a unit cell on one end of the cell lam-
inate 1 to another unit cell on the other end of the cell
laminate 1.
[0029] The fuel cell stack shown in Fig. 1 also has an
outlet manifold 3, which is arranged on the other side
face of the cell laminate 1 to discharge exhausts of the
gaseous fuel, the oxidant gas, and the cooling water. The
outlet manifold 3 enables the exhausts of the gaseous
fuel, the oxidant gas, and the cooling water to be dis-
charged from the other side face of the cell laminate 1
(opposite to the side face with the inlet manifold 2). The
exhausts of the gaseous fuel, the oxidant gas, and the
cooling water collected from all the unit cells included in
the cell laminate 1 are discharged through the outlet man-
ifold 3.
[0030] As clearly shown in Fig. 1, it is preferable that
the inlet manifold 2 has the cross section gradually de-
creasing towards the downstream of the flows of the gas-
eous fuel, the oxidant gas, and the cooling water and that
the outlet manifold 3 has the cross section gradually in-
creasing towards the downstream. This arrangement is
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advantageous in that the gaseous fuel, each of the oxi-
dant gas, and the cooling water can be distributed to each
unit cell in the cell laminate uniformly. For the purpose
of the reference, a top view schematically illustrating the
fuel cell stack shown in Fig. 1 is shown in Fig. 2.
[0031] Fig. 3 is a sectional view schematically illustrat-
ing the fuel cell stack, taken on the line X-Y of Fig. 2. As
shown in Fig. 3, the fuel cell stack of the present invention
has a pair of end plates 5 that are disposed on opposite
sides of the cell laminate 1 to apply the compressive force
to the respective unit cells of the cell laminate 1 in the
laminating direction. A pair of current collectors 6 collect
the electricity of the respective unit cells, and respectively
have a specific part that pierces the corresponding end
plate 5. In a preferable structure, an insulating member
7 is interposed between the current collector 6 and the
end plate 5. Referring to Fig. 3, for example, a pair of
collecting members 8 extend from the respective current
collectors 6 in the laminating direction of the cell laminate
1. Each of the collecting members 8 passes through the
end plate 5 via the insulating member 7.
[0032] This arrangement of collecting the electricity
through the extended collecting members 8 enables the
fuel cell stack of the present invention to be electrically
connected to external equipment within the contour of
the cell laminate 1. The arrangement of the present in-
vention thus advantageously reduces the size of the
whole fuel cell stack and improves the degree of freedom
when the fuel cell stack is mounted on a variety of equip-
ment.
[0033] As shown in Fig. 3, a metal plate 4 is disposed
above an upper side of the cell laminate 1. The metal
plate 4, in cooperation with the inlet manifold 2 and the
outlet manifold 3, functions to prevent the strain or torsion
of the cell laminate 1.
[0034] Further referring to Fig. 3, an auxiliary plate 9,
such as a leaf spring, is disposed on the upper end plate
5. When male screws are bolted through the metal plate
4, the auxiliary plate 9 and fastening belts 9b fasten the
respective unit cells included in the cell laminate 1. As
the auxiliary plate 9, so-called plate spring may be em-
ployed.
[0035] In order to reduce the pressure gradient due to
the dynamic pressure of the fluid, the fuel cell stack of
the present invention preferably does not adopt the con-
ventional uniform fluid distribution technique that increas-
es the cross section of each manifold. In the fuel cell
stack of the present invention, supplies of the respective
fluids (gaseous fuel, oxidant gas, and cooling water) are
fed to the inlet manifold 2, which is disposed on one side
face of the cell laminate 1 in the laminating direction. The
respective fluids are flown into the cell laminate 1 from a
specific unit cell, which is located on one end of the cell
laminate 1 in the laminating direction, pass through the
respective unit cells, and are discharged from the outlet
manifold 3, which is disposed on the opposite side face
of the cell laminate 1 in the laminating direction. Namely
the fuel cell stack of the present invention preferably

adopts a novel uniform fluid distribution technique, in
which the flow-in direction and the flow-out direction are
arranged on the opposite side faces of the cell laminate
1. It is accordingly preferable that the inlet manifold and
the outlet manifold are arranged on the opposite side
faces of the cell laminate and in parallel to the laminating
direction of the respective unit cells.
[0036] In the fuel cell stack of the present invention,
supplies the respective fluids, that is, the gaseous fuel,
the oxidant gas, and the cooling water, required for driv-
ing the cell laminate, which is obtained by laying a plu-
rality of unit cells one upon another, are flown into the
cell laminate from one end of the cell laminate in the
laminating direction. Exhausts of the respective fluids
passing through the respective unit cells are then flown
out of the cell laminate in the direction opposite to the
flow-in direction.
[0037] This arrangement ensures the variable flow
length of each fluid passing through each unit cell. Bal-
ancing the pressure gradient occurring in each fluid due
to the dynamic pressure with the pressure loss occurring
in each fluid due to the variation in flow length enables
each fluid to be uniformly supplied to each unit cell. The
pressure gradient due to the dynamic pressure may be
regulated by decreasing the cross section of the mani-
fold. This advantageously gives a size-reduced, light-
weighted fuel cell stack. Another advantage of this ar-
rangement is to release the heat evolved in the course
of the electrochemical reactions of the unit cells.
[0038] In another embodiment of the present inven-
tion, the manifolds may be arranged around the periphery
of the cell laminate 1, in place of on the side faces of the
cell laminate 1, as shown in Fig. 4. In this structure, a
connection member 12 is added to connect or link an
inlet manifold 10 with an outlet manifold 11. This arrange-
ment securely fastens the respective unit cells and re-
duces the contact resistance between the adjoining unit
cells, and also decreases a number of members consti-
tuting a fuel cell of the present invention. Fig. 4 is a per-
spective view schematically illustrating a fuel cell stack
of this arrangement in another embodiment of the present
invention.
[0039] Fig. 5 is a sectional view illustrating the fuel cell
stack, taken on the line P-Q of Fig. 4. As shown in Fig.
4 and Fig.5, through hole 12c is provided with the con-
nection member 12. The through hole 12c may has a
shape of an inverted and distorted funeral for example,
and a bolt 12a is inserted into the through hole 12c via a
collar 12b having a space in the center thereof. Treaded
holes are provided with the inlet manifold 10 and the out-
let manifold 11 and therefore, when the bolt 12a is
screwed into the threaded hole, a force represented by
the arrow in Fig. 5 is applied onto the connection member
12 by the hollow collar 12b. As the result, the cell laminate
1 is tightly fastened by the inlet manifold 10, the outlet
manifold 11, and the connection member 12. It is noted
that numerals 10a and 11a show sealing members. In
addition, the bolt 12a and the hollow collar 12b under the
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cell laminate 1 are omitted in Fig. 4.
[0040] It is preferable that the inlet manifold and the
outlet manifold are made of an elastic material. The elas-
tic material advantageously absorbs the creep of the
thickness of the cell laminate in the laminating direction
and the unevenness of the side faces of the cell laminate
that are in contact with the sealing faces of the external
manifolds, thereby improving the reliability of the seals
in the external manifolds.
[0041] In the fuel cell stack of the present invention, it
is further preferable that the gas sealing faces of the inlet
manifold and the outlet manifold form flanges, which are
fitted in ring frame bodies, and that the seals of the re-
spective manifolds are attained by fastening the ring
frame bodies in the laminating direction.
[0042] In the fuel cell stack of the present invention,
the respective ends of the electrodes included in each
unit cell reach the side surfaces of the cell laminate. It is
accordingly preferable to cover the side faces of the cell
laminate with a gas-tight, non-conductive material, so as
to give the gas sealing properties to the electrodes and
the separators. It is also preferable that the manifolds are
made of the gas-tight, non-conductive material. The seal-
ing faces of the external manifolds and the side faces of
the cell laminate that are in contact with the sealing faces
are composed of the identical material having an identical
thermal expansion coefficient. This arrangement en-
sures the secure joint of the external manifolds with the
cell laminate and improves the reliability of the seals in
the external manifolds.
[0043] The known ultrasonic welding technique is pref-
erably applied to join the manifolds with the gas-tight,
non-conductive material. This technique enables the
sealing faces of the external manifolds to be securely
joined with the corresponding faces of the cell laminate
and improves the reliability of the seals in the external
manifolds.
[0044] The gas-tight, non-conductive material may be
formed by injection molding. This enables the gas-tight,
non-conductive material to be accurately fitted to the side
faces of the cell laminate, thereby ensuring the improved
reliability of the seals in the external manifolds.
[0045] It is especially preferable that the manifolds and
the gas-tight, non-conductive material arranged on the
side faces of the cell laminate are integrally formed, for
example, by injection molding. This arrangement is free
of the joints between the external manifolds and the side
faces of the cell laminate, thereby further improving the
reliability of the seals in the external manifolds.
[0046] The gas-tight, non-conductive material may be
resin or rubber to ensure the insulation. Especially appli-
cation of the rubber absorbs the creep of the thickness
of the cell laminate in the laminating direction and the
unevenness of the side faces of the cell laminate that are
in contact with the sealing faces of the external manifolds,
thereby improving the reliability of the seals in the exter-
nal manifolds.
[0047] The end plates disposed on the opposite faces

of the cell laminate are described more in detail.
[0048] In one preferable arrangement of the fuel cell
stack of the present invention, flow paths of the gaseous
fuel, the oxidant gas, and the cooling water required to
be fed to the cell laminate are arranged in each end plate
in the direction perpendicular to the fastening direction
of the cell laminate. The arrangement of fastening the
cell laminate with the end plates in such a manner ena-
bles a plurality of the cell laminates having an identical
configuration to be joined sequentially to a fuel cell stack.
This arrangement also enables the fuel cell stack to be
readily mounted on a variety of equipment. The identical
configuration of the cell laminates effectively reduces the
required cost.
[0049] The following describes the end plates of the
present invention with reference to the drawings.
[0050] Fig. 6 is a side view schematically illustrating
an arrangement of end plates in a fuel cell stack of the
present invention. Referring to Fig. 6, a pair of metal cur-
rent collectors 21, a pair of insulator plates 22 composed
of an electrically insulating material, and a pair of end
plates 23 are sequentially disposed outside a cell lami-
nate 20, which is obtained by laying, for example, 50 unit
cells one upon another. As shown in Fig. 7, which is a
schematic top view of the fuel cell stack of Fig. 6, the end
plates 23 are fastened with bolts 24 piercing the cell lam-
inate 20 and nuts to complete one fuel cell stack.
[0051] Each end plate 23 has flow paths of the gaseous
fuel, the oxidant gas, and the cooling water in the direction
perpendicular to the laminating direction of the cell lam-
inate 20. One end plate has the flow paths that run from
an A1 side to an A2 side, whereas the other end plate
has the flow paths that run from a B1 side to a B2 side.
These flow paths are continuous with the inlets and out-
lets of the gases and the cooling water formed in the
separator plates included in the respective unit cells.
[0052] In the case where one fuel cell stack shown in
Fig. 6 is used alone for power generation, the inlets of
the respective gases and the cooling water are disposed
on the A1 side and their outlets are disposed on the B2
side, while the A2 side and the B1 side are blocked. This
arrangement enables the supplies of the gases and the
cooling water to be fed in parallel to the respective unit
cells. In the case where a plurality of the unit cell stacks
shown in Fig. 6 are joined together, on the other hand,
the A1 side and the B1 side of one fuel cell stack are
respectively continuous with the A2 side and the B2 side
of an adjoining fuel cell stack.
[0053] Fig. 8 is a side view schematically illustrating
another arrangement of end plates in another fuel cell
stack of the present invention. Fig. 9 is a top view sche-
matically illustrating the fuel cell stack shown in Fig. 8.
[0054] Referring to Fig. 8, a pair of current collector
31, a pair of insulator plates 32, and a pair of end plates
33 are sequentially disposed outside a cell laminate 30.
As shown in Fig. 9, the end plates 33 are fastened with
bolts 53 piercing the cell laminate 30 and nuts to complete
one fuel cell stack. Like in the case of Fig. 6, each end
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plate 33 has flow paths of the gaseous fuel, the oxidant
gas, and the cooling water in the direction perpendicular
to the laminating direction of the cell laminate 30.
[0055] The fuel cell stack shown in Figs. 8 and 9 in-
cludes three cell laminates 30, which are joined together
in such a manner that the respective flow paths formed
in the end plates 33 are continuous with one another.
Joint fixtures 34 are attached to each end plate 33, for
example, by welding, and are linked with the joint fixtures
34 of an adjoining end plate 33 with bolts 35 and nuts
36. A sealing member 37 having holes that are continu-
ous with the flow paths of the gaseous fuel, the oxidant
gas, and the cooling water is interposed between the
adjoining end plates 33, in order to prevent leaks of the
gases and the cooling water. Base stands 54 are used
to fix the fuel cell stack to a mounting surface.
[0056] The fuel cell stack shown in Figs. 8 and 9 in-
cludes three cell laminates joined together. The present
invention thus provides a polymer electrolyte fuel cell
stack including a plurality of cell laminates, each of which
has a plurality of unit cells that are laid one upon another
via conductive separators. Each of the unit cells includes
a polymer electrolyte membrane, a pair of electrodes that
are arranged across the polymer electrolyte membrane
and respectively have a catalytic reaction layer, and a
unit for feeding a supply of gaseous fuel containing gas-
eous hydrogen to one of the electrodes and for feeding
a supply of oxidant gas containing oxygen to the other
of the electrodes. The polymer electrolyte fuel cell further
includes a plurality of end plates that are arranged in such
a manner that each of the cell laminates is interposed
between a pair of end plates. Flow paths of the gaseous
fuel, the oxidant gas, and cooling water formed in the
plurality of end plates are respectively joined via a fluid
sealing mechanism.
[0057] In the fuel cell stack shown in Fig. 8, pipes 40,
41, and 42 that are continuous with supply sources of
the gases and the cooling water are connected to the
flow paths formed in one of the end plates 33 correspond-
ing to the cell laminate located on the left end of the fuel
cell stack. Sealing members 38 are pressed against the
flow paths formed in the other end plate 33 with side
plates 39, so as to block the flow paths. The sealing mem-
bers 38 are also pressed against the flow paths formed
in one of the end plates 33 corresponding to the cell lam-
inate located on the right end of the fuel cell stack with
the side plates 39, so as to block the flow paths. Exhaust
pipes 50, 51, and 52 of the gases and the cooling water
are connected to the flow paths formed in the other end
plate 33. This arrangement enables the supplies of the
gaseous fuel, the oxidant gas, and the cooling water to
be fed in parallel to the unit cells of the respective cell
laminates included in the fuel cell stack.
[0058] Caulking, rivets, clips, or the like, in place of the
bolts and nuts in the above structure, may be used as
the fastening means to join the adjacent end plates 33
with each other. As shown in Fig. 8, the non-linked, free
side face of the end plate 33 is sealed with the side plates

39 via sealing members, such as O-rings, according to
the requirements, in order to prevent the respective fluids
from leaking out.
[0059] The fuel cell stack of the present invention
shown in Figs. 8 and 9 is an assembly of plural cell lam-
inates having an identical size, which enables cost re-
duction in mass production. Connecting the adjoining end
plates having the flow paths of the gaseous fuel, the ox-
idant gas, and the cooling water with one another makes
the supply means of the respective fluids compact and
thereby enables the fuel cell stack to be readily mounted
on a variety of equipment.
[0060] In the fuel cell stack shown in Figs. 8 and 9, the
plurality of cell laminates are joined with one another by
the end plates having the flow paths of the gases and
the cooling water. Another possible application may join
the plurality of cell laminates with one another via cham-
bers having the flow paths of the gases and the cooling
water, in place of the end plates. The present invention
is accordingly directed to a polymer electrolyte fuel cell
stack that includes a plurality of the cell laminates dis-
cussed above, wherein adjoining ones of the cell lami-
nates are linked with each other via a chamber having a
plurality of flow paths through which supplies of the gas-
eous fuel, the oxidant gas, and the cooling water are fed
to each of the cell laminates. This arrangement enables
the number of joined cell laminates to be freely chosen
according to the requirements.
[0061] In the embodiment of the present invention dis-
cussed above, a predetermined number of unit cells are
laminated in parallel to the mounting surface, and a pre-
determined number of the cell laminates are sequentially
joined in the lateral direction. Namely the resulting fuel
cell stack has the center of gravity that is closest to the
mounting surface. The arrangement of the fuel cell stack
having the center of gravity that is closest to the mounting
surface ensures the easy space selection when the fuel
cell stack is mounted on a variety of equipment. It is also
preferable that each unit cell is wide.
[0062] The following describes some examples of the
present invention with referring to the drawings.

Example 1

[0063] The process first soaked carbon powder having
the particle diameter of not greater than several microns
in an aqueous solution of chloroplatinic acid and caused
the platinum catalyst to be carried on the surface of the
carbon powder by reduction. The weight ratio of carbon
to platinum carried thereon was one to one. The process
then dispersed the carbon powder with the platinum cat-
alyst carried thereon in an alcohol solution of a polymer
electrolyte to yield a slurry.
[0064] The process, on the other hand, caused carbon
paper having a thickness of 400 Pm, which was the ma-
terial of electrodes, to be impregnated with an aqueous
dispersion of a fluororesin (Neoflon ND-1 manufactured
by Daikin Industries. Ltd.) The process then dried the
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impregnated carbon paper and heated at 400°C for 30
minutes to give the water repellency to the carbon paper.
As shown in Fig. 10, the process homogeneously applied
the slurry containing the carbon powder on a single face
of the water-repelled carbon paper to form a catalytic
layer 62 and yield an electrode 69.
[0065] The process laid a pair of the resulting elec-
trodes 69 across a polymer electrolyte membrane 63 in
such a manner that the respective catalytic layers 62 of
the electrodes 69 were in contact with the polymer elec-
trolyte membrane 63, and dried the layered structure to
yield an MEA 70. Silicone rubber was used for gaskets
that prevented the supplies of gases fed to the fuel cell
stack from leaking or from being mixed with each other.
[0066] The process then interposed the MEA 70 thus
obtained between a pair of carbon separator plates 64
having the airtightness to assemble a unit cell.
[0067] The separator plate 64 is 4 mm in thickness and
has a gas flow path 65, which has a width of 2 mm and
a depth of 1 mm and has been cut in its surface. The
separator plate 64 also has a plurality of gas manifold
holes 66 and a plurality of cooling water manifold holes
67 formed on its circumferential part. In the process of
interposing the MEA 70 between the pair of separator
plates 64, gaskets 68, which had the same outer dimen-
sions as those of the carbon separator plates 64 and
were obtained by laying a pair of EPDM sheets across a
polyethylene terephthalate (PET) sheet, were disposed
around the electrodes 69.
[0068] After lamination of two such unit cells, the proc-
ess disposed a pair of separator plates 64 each having
a cooling water flow path, through which the cooling water
flows, across the laminated unit cells. This completed a
unit cell laminate. In this example, no O rings were used
for sealing the cooling water flow path.
[0069] A fuel cell stack shown in Fig. 11 was assem-
bled by laying a plurality of unit cell laminates, each in-
cluding two unit cells, one upon another. The process
first laid 25 unit cell laminates discussed above (that is,
50 unit cells) one upon another to yield a cell laminate 1,
and sequentially disposed a pair of metal current collec-
tors 70, a pair of insulator plates 71 composed of an elec-
trically insulating material, and a pair of end plates 72
across the cell laminate 1. The pair of end plates 72 were
linked with each other via tie rods 73 to fix the cell laminate
1 therebetween.
[0070] Supplies of the fluids, that is, the gaseous fuel,
the oxidant gas, and the cooling water, are respectively
fed to the fuel cell stack in the directions of arrows through
a gaseous fuel supply conduit 74, an oxidant gas supply
conduit 75, and a cooling water supply conduit 76 dis-
posed in the upper end plate 72. These supply conduits
74, 75, and 76 are respectively connected to the corre-
sponding manifold holes of the cell laminate 1. The man-
ifold hole of each fluid has the cross section gradually
decreasing towards the downstream of the flow.
[0071] The fluids passing through the cell laminate 1
are flown out of the fuel cell stack in the directions of

arrows through a gaseous fuel exhaust conduit 77, an
oxidant gas exhaust conduit 78, and a cooling water ex-
haust conduit 79. The manifold holes of the respective
fluids connected to the corresponding exhaust conduits
77, 78, and 79 have the cross sections gradually decreas-
ing towards the downstream of their flows.
[0072] Each fluid flows into the fuel cell stack from the
flow-in manifold, passes through the respective unit cells
and the cooling plates, and is discharged from the flow-
out manifold, which is arranged on the same end plate
with the flow-in manifold, to the outside of the fuel cell
stack.
[0073] This arrangement ensures the variable flow
length of each fluid passing through each unit cell. Bal-
ancing the pressure gradient occurring in each fluid due
to the dynamic pressure with the pressure loss occurring
in each fluid due to the variation in flow length enables
each fluid to be homogeneously supplied to each unit
cell. The decrease in cross section of the manifold reg-
ulates the pressure gradient due to the dynamic pres-
sure, thereby enabling reduction of the outer dimensions.
This attains a light-weighted, compact fuel cell stack.

Example 2

[0074] A fuel cell stack shown in Fig. 4 was assembled
using a cell laminate 1, which was obtained by laying 50
unit cell laminates, each including two unit cells and being
identical with that prepared in Example 1, one upon an-
other.
[0075] The process sequentially disposed a pair of
metal current collectors 6, a pair of insulator plates 7, and
a pair of end plates 5 across the cell laminate 1. The pair
of end plates 5 had recesses on their side parts. The cell
laminate 1 was fixed with fastening belts 9b fitted in the
recesses. Each of the insulator plates 7 and each of the
end plates 5 had through holes (not shown), in which a
collecting member 8 is fitted. The end of each collecting
member 8 is electrically connected to the current collector
6 and functions as an output terminal. The collecting
member 8 is insulated from the end plate 5 by an elec-
trically insulating material. The electrically insulating ma-
terial for insulating the end plate 5 from the collecting
member 8 may be integrated with the insulator plate 7 to
exert the same effects.
[0076] This arrangement effectively prevents any con-
necting members for connecting the cell laminate with
equipment from being protruded from the contour of the
cell laminate. The arrangement attains a compact fuel
cell stack and thereby improves the degree of freedom
when the fuel cell stack is mounted on a variety of equip-
ment.

Comparative Example 1 and Example 3

[0077] The process first soaked carbon powder having
the particle diameter of not greater than several microns
in an aqueous solution of chloroplatinic acid and caused
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the platinum catalyst to be carried on the surface of the
carbon powder by reduction. The weight ratio of carbon
to platinum carried thereon was one to one. The process
then dispersed the carbon powder with the platinum cat-
alyst carried thereon in an alcohol solution of a polymer
electrolyte to yield a slurry.
[0078] The process, on the other hand, caused carbon
paper having a thickness of 400 Pm, which was the ma-
terial of electrodes, to be impregnated with an aqueous
dispersion of a fluororesin (Neoflon ND-1 manufactured
by Daikin Industries, Ltd.) The process then dried the
impregnated carbon paper and heated at 400°C for 30
minutes to give the water repellency to the carbon paper.
The process homogeneously applied the slurry contain-
ing the carbon powder on a single face of the water-re-
pelled carbon paper to form a catalytic layer 62 and yield
an electrode 69.
[0079] A unit cell laminate including two unit cells
shown in Fig. 10 was assembled using the electrodes 69
thus obtained.
[0080] The process cut the resulting electrode 69 to a
piece having both a length and a width of 10 cm, and laid
a pair of such electrodes 69 across a polymer electrolyte
membrane 63 having both a length and a width of 12 cm,
in such a manner that the respective catalytic layers 62
of the electrodes 69 were in contact with the polymer
electrolyte membrane 63 and were located on the center
of the polymer electrolyte membrane 63. A pair of silicone
rubber sheets having a thickness of approximately 350
Pm were arranged around the electrodes 69 and across
the polymer electrolyte membrane 63. The layered struc-
ture was hot pressed at 100°C for 5 minutes to give an
MEA 70. The silicone rubber was used for gaskets that
prevented the supplies of gases fed to the fuel cell stack
from leaking or from being mixed with each other.
[0081] A pair of MEAs 70 thus obtained and separator
plates 64 were laid alternately. Each separator plate 64
is a carbon sheet having a thickness of 4 mm and has
air tightness. The separator plate 64 has a gas flow path
65, which has a width of 2 mm and a depth of 1 mm and
has been cut in its surface that is in contact with the MEA
70. The separator plate 64 also has a plurality of gas
manifold through holes 66 for the gaseous fuel or the
oxidant gas formed on its circumferential part. The man-
ifold through holes 66 are continuous with the ends of
the gas flow path 65. In a similar manner, a plurality of
manifold holes 67 for circulating the cooling water were
also formed through the separator plate 64.
[0082] In the process of interposing the MEA 70 be-
tween the pair of separator plates 64, polyethylene
terephthalate (PET) sheets 68, which had the same outer
dimensions as those of the carbon separator plates 64,
were disposed around the electrodes 69. The PET sheet
68 was used as a spacer between the separator plate 64
and the polymer electrolyte membrane 63 of the MEA
70. No O rings were used for sealing the cooling water
flow paths.
[0083] The process laid 25 such unit cell laminates,

that is, 50 unit cells, one upon another to yield a cell
laminate 1, and sequentially disposed a pair of metal con-
nectors, a pair of insulator plates, and a pair of end plates
across the cell laminate 1. The pair of end plates were
connected to each other via tie rods to fix the cell laminate
1 therebetween. This gave a comparative fuel cell stack
(Comparative Example 1). The fastening pressure was
10 kgf/cm2 with respect to the area of the separator plate.
The gaseous fuel and the cooling water were flown into
this comparative fuel cell stack including 50 unit cells.
The flows of the gaseous fuel and the cooling water
leaked from the clearance between the PET sheet and
the separator, so that the sufficient cell performance
could not be attained.
[0084] The fuel cell stack of Example 3 adopted, in
place of the internal manifold arrangement, the external
manifold arrangement in which the manifolds were dis-
posed in parallel along the longitudinal direction of the
cell laminate, that is, along the length of the cell laminate.
Fig. 12 is a perspective view schematically illustrating
the fuel cell stack obtained in Example 3.
[0085] The process interposed the MEA 70 prepared
in the above manner between separator plates 64a and
64b shown in Fig. 13 and between separator plates 64b
and 64c, so as to yield a unit cell laminate. The separator
plates 64a, 64b, and 64c are carbon sheets of 4 mm in
thickness and have air tightness. Either a gas flow path
65 or a cooling water flow path 101 is formed on each
surface of these separator plates 64a, 64b, and 64c.
[0086] Referring to Fig. 13, the cooling water flow path
101 is formed in the upper surface of the separator plate
64a and the lower surface of the separator plate 64c.
Openings 96 of the cooling water flow path 101 are open
to the side faces of the separator plates 64a and 64c. A
gas flow path 65 for making either a flow of the gaseous
fuel or a flow of the oxidant gas is formed in the lower
surface of the separator plate 64a, both surfaces of the
separator plate 64b, and the upper surface of the sepa-
rator plate 64c. The gas flow path 65 has been cut in the
corresponding surfaces and has a width of 2 mm and a
depth of 1 mm. Like the openings 96 of the cooling water
flow path 101, openings 94 and 95 of the gas flow paths
65 of the gaseous fuel and the oxidant gas are also open
to the side faces of the respective separator plates 64a,
64b, and 64c. The separator plates 64a through 64c do
not have any manifold holes unlike the internal manifold
arrangement, but have only the gas flow path 65 or the
cooling water flow path 101 arranged over the whole sur-
face thereof. The inlet and the outlet, that is, a pair of
openings 94 or 95, of the gas flow path 65 are arranged
on the opposite sides. The openings 94 of the gaseous
hydrogen, the openings 95 of the air, and the openings
96 of the cooling water are arranged in such a manner
that the external manifolds are located on the opposite
side faces when the unit cells are laid one upon another.
[0087] Example 3 did not use any PET sheets but ap-
plied the carbon sheets with the catalytic reaction layer
62, which had identical outer dimensions with those of
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the carbon separators. In this Example 3, the unit cells
were laid one upon another in such a manner that the
ends of the respective electrodes reached the side faces
of the unit cell. The process alternately laid a unit cell
laminate including two unit cells and a cooling plate and
assembled a cell laminate including 50 unit cells. No O
rings were used for sealing the cooling plates. Since the
external manifold arrangement was adopted, there was
no need of forming the inlets and the outlets of the fluids
in the current collectors, the insulator plates, and the end
plates. Tie rods for fastening the cell laminate were lo-
cated on side faces that were different from the side faces
with the openings of the gas flow path 65.
[0088] The side faces of the cell laminate were covered
with a phenol resin used as the sealing material. Here
the openings 94 and 95 of the gases and the openings
96 of the cooling water were not blocked with the sealing
material. In order to make the surface as smooth as pos-
sible, special care was given to application of the phenol
resin to a specific part that was in contact with the sealing
surface of the external manifold.
[0089] As shown in Fig. 12, semi-cylindrical SUS ex-
ternal manifolds 87 were arranged along the longitudinal
sides of the cell laminate 1 to cover the respective arrays
of the openings 94 of the gaseous fuel, the openings 95
of the oxidant gas, and the openings 96 of the cooling
water. The external manifolds 87 were fixed to the cell
laminate 1 with end plate screws 88. A manifold seal 89
between the external manifold 87 and the sealing mate-
rial covering over the side surface of the cell laminate
was obtained by cutting an EPDM sheet containing
closed bubbles into a predetermined shape correspond-
ing to the sealing surface of the external manifold.
[0090] A battery test was carried out while the gaseous
hydrogen and the air were flown into and the cooling wa-
ter was circulated through the cell laminate including 50
unit cells. The observed cell output was 1020 W (30 A -
35 V) under the conditions of the hydrogen utilization rate
of 70%, the oxygen utilization rate of 20%, the humidified
hydrogen bubbler temperature of 85°C, the humidified
oxygen bubbler temperature of 75°C, and the cell tem-
perature of 75°C. The gas leaks from the seals of the
external manifolds were also measured. No leaks were,
however, detected. This proves the favorable sealing
properties.
[0091] This example covers the whole side faces of
the fuel cell stack with the sealing material and accord-
ingly facilitates the external manifold arrangement, which
is conventionally adopted in fuel cell stacks of the molten
carbonate type.
[0092] The arrangement of this example enables the
manifolds and the cell laminate to be manufactured sep-
arately. The arrangement thus ensures the standard
mass production of unit cell laminates consisting of the
separators and MEAs of an identical contour, regardless
of the application and the output level of the fuel cell stack.
Manufacture of the manifolds according to the application
and the output level of the fuel cell stack effectively re-

duces the required cost.

Example 4

[0093] Example 4 disposed a connection manifold 12
on the periphery of the cell laminate 1, in addition to the
inlet manifold 10 and the outlet manifold 11, which func-
tion like the manifolds of Example 3, As shown in Fig. 5.
This arrangement securely fastens the unit cells included
in the cell laminate 1 and thereby reduces the contact
resistance between the adjoining unit cells. The fuel cell
stack of Example 4 has the same configuration as that
of the fuel cell stack of Example 3, except the arrange-
ment of the gas manifolds.
[0094] The fuel cell stack of the above configuration
was evaluated under the same conditions as those of
Example 3. The observed output of the fuel cell stack
was 1200 W (30 A - 40 V). This shows that the fuel cell
stack of Example 4 has the better performance than those
of the fuel cell stack of Example 3 and the fuel cell stack
with spacers, such as the PET sheet. This may be as-
cribed to the fact that the arrangement of the manifolds
on the periphery of the cell laminate effectively fastens
the unit cells and thereby reduces the contact resistance
between the adjoining unit cells.

Example 5

[0095] Example 5 evaluated the effects of the mani-
folds in the fuel cell stack having the configuration dis-
cussed in Example 4, on the stability of the cell output
properties while the environment was changed.
[0096] Example 5 changed the attachment areas of
the inlet manifold 10, the outlet manifold, and the con-
nection manifold 12 shown in Fig. 5 in the fuel cell stack
of Example 4. Example 5 also changed the material of
the manifolds and evaluated the relationship between
the thermal conductivity of the manifold and the stability
of the cell output. The results of the evaluation are shown
in the graph of Fig. 14.
[0097] The graph of Fig. 14 shows the power output
of the cell module as ordinate and the driving time as
abscissa. The area here means the area percent of the
manifold relative to the side area (100) of the cell laminate
to which the manifold is attached. The symbol ’SUS’ in
the graph shows the result when the manifold is made
of SUS like Example 4, and the symbol ’Ni/Cu’ shows
the result when the manifold is made of copper plated
with nickel.
[0098] For the evaluation of the cell performance, the
battery test was carried out while the gaseous hydrogen
and the air were flown into and the cooling water was
circulated through the fuel cell stack. The conditions of
the test were the hydrogen utilization rate of 70%, the
oxygen utilization rate of 20%, the humidified hydrogen
bubbler temperature of 85°C, and the humidified oxygen
bubbler temperature of 75°C. The applied environment
cycle exposed the fuel cell stack to a 5°C atmosphere
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for 12 hours and subsequently to a 40°C atmosphere for
12 hours. The temperature of the cooling water was
changed synchronously with the temperature of the at-
mosphere: at 5°C for 12 hours and at 25°C for 12 hours.
[0099] In the test with the varying environmental tem-
perature of the fuel cell stack, the long-term stability was
improved with an increase in area of the manifold. The
copper manifold plated with nickel having the excellent
thermal conductivity showed the better performance than
that of the SUS manifold. This is ascribed to the heat
dissipation of the manifold when the atmosphere has a
relatively high temperature.

Example 6

[0100] The process first soaked carbon powder having
the particle diameter of not greater than several microns
in an aqueous solution of chloroplatinic acid and caused
the platinum catalyst to be carried on the surface of the
carbon powder by reduction. The weight ratio of carbon
to platinum carried thereon was one to one. The process
then dispersed the carbon powder with the platinum cat-
alyst carried thereon in an alcohol solution of a polymer
electrolyte to yield a slurry. The process, on the other
hand, caused carbon paper having a thickness of 400
Pm, which was the material of electrodes, to be impreg-
nated with an aqueous dispersion of a fluororesin (Neo-
flon ND-1 manufactured by Daikin Industries, Ltd.) The
process then dried the impregnated carbon paper and
heated at 400°C for 30 minutes to give the water repel-
lency to the carbon paper and yield a carbon paper elec-
trode 61.
[0101] Referring to Fig. 10, the process homogene-
ously applied the slurry containing the carbon powder on
a single face of the water-repelled carbon paper elec-
trode 61 to form a catalytic layer 62. The process laid a
pair of the carbon paper electrodes 61 across a polymer
electrolyte membrane 63 in such a manner that the re-
spective catalytic layers 62 of the carbon paper elec-
trodes 61 were in contact with the polymer electrolyte
membrane 63, and dried the layered structure to yield an
MEA. The MEA was interposed between a pair of carbon
separator plates 64 having air tightness to yield a unit cell.
[0102] The separator plate 64 is 4 mm in thickness and
has a gas flow path 65, which has a width of 2 mm and
a depth of 1 mm and has been cut in its surface. The
separator plate 64 also has a plurality of gas manifold
holes 66 and a plurality of cooling water manifold holes
67 formed on its circumferential part. In the process of
interposing the MEA between the pair of separator plates
64, gaskets 68, which had the same outer dimensions
as those of the carbon separator plates 64 and were ob-
tained by laying a pair of ethylene-propylene-diene ter-
polymer mixture (EPDM) sheets across a polyethylene
terephthalate (PET) sheet, were disposed around the
electrodes 61.
[0103] After lamination of two such unit cells, the proc-
ess disposed a pair of separator plates 64 each having

a cooling water flow path, through which the cooling water
flows, across the laminated unit cells. Repetition of this
pattern completed a cell laminate. In this example, no O
ring for sealing was used between the separator plates
having the cooling water flow path. The fuel cell stack
having the configuration shown in Figs. 6 and 7 was as-
sembled by laying 50 unit cell laminates, each including
two unit cells.
[0104] When the fuel cell stack manufactured as dis-
cussed above is mounted, for example, on a vehicle, it
is required to minimize the damage on the fuel cell stack
and ensure the safety in the case of a collision of the
vehicle. It is thus desirable that the fuel cell stack is in-
stalled under the floor of the vehicle on which the driver
and passengers ride. In order to ensure a sufficient space
for passengers, the fuel cell stack mounted on the vehicle
should be thin in the direction of the height. The arrange-
ment of this example locates the center of gravity of the
fuel cell stack closest to the mounting surface of the fuel
cell stack, thereby minimizing the height of the fuel cell
stack from the mounting surface.

Claims

1. A polymer electrolyte fuel cell stack comprising a cell
laminate (1), said cell laminate (1) comprising a plu-
rality of unit cells that are laid one upon another via
conductive separators, each of said unit cells com-
prising a polymer electrolyte membrane (63), a pair
of electrodes (69) that are arranged across said pol-
ymer electrolyte membrane (63) and respectively
have a catalytic reaction layer (62), and a unit for
feeding a supply of gaseous fuel containing gaseous
hydrogen to one of said electrodes and for feeding
a supply of oxidant gas containing oxygen to the oth-
er of said electrodes,
wherein said polymer electrolyte fuel cell stack fur-
ther comprises:

an inlet manifold (2,10) that distributes supplies
of the gaseous fuel, the oxidant gas, and cooling
water through the cell laminate in a first direction
from a unit cell on one end of said cell laminate
(1) to a unit cell on the other end of said cell
laminate; and
an outlet manifold (3,11) that discharges ex-
hausts of the gaseous fuel, the oxidant gas, and
the cooling water through the cell laminate (1)
in a direction opposite to the first direction from
the unit cell on the other end of said cell laminate
(1) to the unit cell on the one end of said cell
laminate (1).

2. The polymer electrolyte fuel cell stack in accordance
with claim 1, wherein said polymer electrolyte fuel
cell stack further comprises:
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a pair of end plates (5) that are disposed on op-
posite sides of said cell laminate (1) to apply a
compressive force to the respective unit cells of
said cell laminate (1) in a laminating direction;
a pair of current collectors (6) that collect elec-
tricity of the respective unit cells, each of said
current collectors (6) having a specific part that
pierces said end plate; and
a pair of insulating members (7), each of said
insulating members (7) being interposed be-
tween said current collector (6) and said end
plate (5).

3. The polymer electrolyte fuel cell stack in accordance
with claim 1, wherein said inlet manifold (2) has a
cross section gradually decreasing towards a down-
stream thereof, and said outlet manifold (3) has a
cross section gradually increasing towards a down-
stream thereof.

4. The polymer electrolyte fuel cell stack in accordance
with claim 1, wherein said inlet manifold (2) and said
outlet manifold (3) are respectively arranged on side
faces of said cell laminate (1) and in parallel to a
laminating direction of the respective unit cells.

5. The polymer electrolyte fuel cell stack in accordance
with claim 1. wherein said Inlet manifold (10) and
said outlet manifold (11) are arranged around a pe-
riphery of said cell laminate (1), so as to bind the
respective unit cells and reduce a contact resistance
between adjoining unit cells.

6. The polymer electrolyte fuel cell stack in accordance
with claim 3, wherein flow paths of the gaseous fuel,
the oxidant gas, and the cooling water are disposed
in each of said end plates (5) in a direction perpen-
dicular to a laminating direction of the respective unit
cells.

7. A polymer electrolyte fuel cell stack in accordance
with claim 1 comprising a plurality of cell laminates
(30), each of said cell laminates (30) comprising a
plurality of unit cells that are laid one upon another
via conductive separators, each of said unit cells
comprising a polymer electrolyte membrane (63), a
pair of electrodes (69) that are arranged across said
polymer electrolyte membrane (63) and respectively
have a catalytic reaction layer (62), and a unit for
feeding a supply of gaseous fuel containing gaseous
hydrogen to one of said electrodes and for feeding
a supply of oxidant gas containing oxygen to the oth-
er of said electrodes,
wherein said polymer electrolyte fuel cell stack fur-
ther comprises a plurality of end plates (33) wherein
each of said cell laminates (30) is interposed be-
tween a pair of end plates (33), flow paths of the
gaseous fuel, the oxidant gas, and cooling water

formed in said plurality of end plates (33) being re-
spectively connected via a fluid sealing mechanism.

8. The polymer electrolyte fuel cell stack in accordance
with claim 7, wherein said cell laminates (30) are
connected with each other via a chamber having a
plurality of flow paths through which supplies of the
gaseous fuel, the oxidant gas, and the cooling water
are fed to each of said cell laminates (30).

Patentansprüche

1. Polymer-Elektrolyt-Brennstoffzellenstapel, umfas-
send ein Zellenlaminat (1), wobei das Zellenlaminat
(1) eine Mehrzahl von Einheitszellen umfasst, die
mittels leitfähigen Separatoren übereinander gelegt
sind, wobei jede der Einheitszellen eine Polymer-
Ektrolytmembran (63), ein Paar Elektroden (69),
welche über der Polymer-Elektrolytmembran (63)
angeordnet sind und jeweils eine katalytische Reak-
tionsschicht (62) aufweisen, und eine Einheit zum
Speisen einer Zuführung von gasförmigen Brenn-
stoff, enthaltend gasförmigen Wasserstoff, zu einer
der Elektroden und zum Speisen einer Zuführung
von Oxidansgas, enthaltend Sauerstoff, zu der an-
deren Elektrode umfasst,
wobei der Polymer-Elektrolyt-Brennstoffzellensta-
pel ferner Folgendes umfasst:

einen Einlassverteiler (2, 10), der den zugeführ-
ten gasförmigen Brennstoff, das Oxidansgas
und Kühlwasser durch das Zellenlaminat in eine
erste Richtung von einer Einheitszelle an einem
ersten Ende des Zellenlaminats (1) zu einer Ein-
heitszelle an dem anderen Ende des Zellenla-
minats verteilt; und
einen Auslassverteiler (3, 11), der die Abgase
des gasförmigen Brennstoffes, des Oxidansga-
ses und des Kühlwassers durch das Zellenlami-
nat (1) in eine Richtung entgegengesetzt zur er-
sten Richtung von der Einheitszelle an dem an-
deren Ende des Zellenlaminats (1) an die Ein-
heitszelle an dem ersten Ende des Zellenlami-
nats (1) ausführt.

2. Polymer-Elektrolyt-Brennstoffzellenstapel nach An-
spruch 1, wobei der Polymer-Elektrolyt-Brennstoff-
zellenstapel ferner umfasst:

ein Paar Endplatten (5), die an entgegengesetz-
ten Seiten des Zellenlaminats (1) angeordnet
sind, um an den jeweiligen Einheitszellen des
Zellenlaminats (1) in eine Laminierungsrichtung
eine Kompressionskraft anzulegen;
ein Paar Stromkollektoren (6), die die Elektrizität
der jeweiligen Einheitszellen sammeln, wobei
alle Stromkollektoren (6) einen bestimmten Teil
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aufweisen, der die Endplatte durchdringt; und
ein Paar Isolationselemente (7), wobei jedes
Isolationselement (7) zwischen dem Stromkol-
lektor (6) und der Endplatte (5) angeordnet ist.

3. Polymer-Elektrolyt-Brennstoffzellenstapel nach An-
spruch 1, wobei der Einlassverteiler (2) einen Quer-
schnitt aufweist, der sich in Richtung seines Ab-
stroms zunehmend verkleinert, und der Auslassver-
teiler (3) einen Querschnitt aufweist, der sich in Rich-
tung seines Abstroms zunehmend vergrößert.

4. Polymer-Elektrolyt-Brennstoffzellenstapel nach An-
spruch 1, wobei der Einlassverteiler (2) und der Aus-
lassverteiler (2) jeweils auf Seitenflächen des Zel-
lenlaminats (1) und parallel zu einer Laminierungs-
richtung der entsprechenden Einheitszellen ange-
ordnet sind.

5. Polymer-Elektrolyt-Brennstoffzellenstapel nach An-
spruch 1, wobei der Einlassverteiler (I) und der Aus-
lassverteiler (2) um einen Umfang des Zellenlami-
nats (1) angeordnet sind, so dass die entsprechen-
den Einheitszellen miteinander verbunden sind und
ein Kontaktwiderstand zwischen benachbarten Ein-
heitszellen verringert wird.

6. Polymer-Elektrolyt-Brennstoffzellenstapel nach An-
spruch 3, wobei die Strömungswege des gasförmi-
gen Brennstoffes, des Oxidansgases und des Kühl-
wassers in jeder der Endplatten (5) in eine Richtung
senkrecht zu einer Laminierungsrichtung der ent-
sprechenden Einheitszellen verlaufen.

7. Polymer-Elektrolyt-Brennstoffzellenstapel nach An-
spruch 1, umfassend eine Mehrzahl von Zellenlami-
naten (30), wobei jedes der Zellenlaminate (30) eine
Mehrzahl von Einheitszellen umfasst, die mittels leit-
fähigen Separatoren übereinander gelegt sind, wo-
bei jede der Einheitszellen eine Polymer-Elektrolyt-
membran (63), ein Paar Elektroden (69), welche
über der Polymer-Ektrolytmembran (63) angeordnet
sind und jeweils eine katalytische Reaktionsschicht
(62) aufweisen, und eine Einheit zum Speisen einer
Zuführung von gasförmigen Brennstoff, enthaltend
gasförmigen Wasserstoff, zu einer der Elektroden
und zum Speisen einer Zuführung von Oxidansgas
zu der anderen Elektrode umfasst,
wobei der Polymer-Elektrolyt-Brennstoffzellensta-
pel ferner eine Mehrzahl von Endplatten (33) um-
fasst, wobei jedes Zellenlaminat (30) zwischen ei-
nem Paar von Endplatten (33) angeordnet ist, und
die Strömungswege des gasförmigen Brennstoffes,
des Oxidansgases und des Kühlwassers, welche in
der Mehrzahl von Endplatten (33) ausgebildet sind,
jeweils über einen Flüssigkeitsdichtungsmechanis-
mus miteinander verbunden sind.

8. Polymer-Elektrolyt-Brennstoffzellenstapel nach An-
spruch 7, wobei die Zellenlaminate (30) über eine
Kammer miteinander verbunden sind, die eine Mehr-
zahl von Strömungswegen aufweist, durch die der
zugeführte gasförmige Brennstoff, das Oxidansgas
und das Kühlwasser jedem Zellenlaminat (30) zuge-
führt werden.

Revendications

1. Assemblage de piles à combustible à électrolyte po-
lymère comprenant un stratifié de piles (1), ledit stra-
tifié de piles (1) comprenant une pluralité de piles
unitaires qui sont disposées les unes sur les autres
par l’intermédiaire de séparateurs conducteurs, cha-
cune desdites piles unitaires comprenant une mem-
brane électrolyte polymère (63), une paire d’électro-
des (69) qui sont agencées au travers de ladite mem-
brane électrolyte polymère (63) et ont respective-
ment une couche de réaction catalytique (62), et une
unité pour alimenter une arrivée de combustible ga-
zeux contenant de l’hydrogène gazeux jusqu’à une
desdites électrodes et pour alimenter une arrivée de
gaz oxydant contenant de l’oxygène jusqu’à l’autre
desdites électrodes,
dans lequel ledit assemblage de piles à combustible
à électrolyte polymère comprend en outre :

un collecteur d’entrée (2, 10) qui distribue des
alimentations du combustible gazeux, du gaz
oxydant, et d’eau de refroidissement à travers
le stratifié de piles dans un premier sens d’une
pile unitaire sur une extrémité dudit stratifié de
piles (1) jusqu’à une pile unitaire sur l’autre ex-
trémité dudit stratifié de piles ; et
un collecteur de sortie (3, 11) qui décharge des
échappements du combustible gazeux, du gaz
oxydant, et de l’eau de refroidissement à travers
le stratifié de piles (1) dans un sens opposé au
premier sens de la pile unitaire sur l’autre extré-
mité dudit stratifié de piles (1) jusqu’à la pile uni-
taire sur la première extrémité dudit stratifié de
piles (1).

2. Assemblage de piles à combustible à électrolyte po-
lymère selon la revendication 1, dans lequel ledit as-
semblage de piles à combustible à électrolyte poly-
mère comprend en outre :

une paire de plaques d’extrémité (5) qui sont
disposées sur des côtés opposés dudit stratifié
de piles (1) pour appliquer une force de com-
pression aux piles unitaires respectives dudit
stratifié de piles (1) dans un sens de
stratification ;
une paire de collecteurs de courant (6) qui col-
lectent de l’électricité des piles unitaires respec-
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tives, chacun desdits collecteurs de courant (6)
ayant une partie spécifique qui transperce ladite
plaque d’extrémité ; et
une paire d’éléments d’isolation (7), chacun
desdits éléments d’isolation (7) étant interposé
entre ledit collecteur de courant (6) et ladite pla-
que d’extrémité (5).

3. Assemblage de piles à combustible à électrolyte po-
lymère selon la revendication 1, dans lequel ledit col-
lecteur d’entrée (2) a une section transversale dimi-
nuant graduellement vers un côté aval de celui-ci,
et ledit collecteur de sortie (3) a une section trans-
versale augmentant graduellement vers un côté aval
de celui-ci.

4. Assemblage de piles à combustible à électrolyte po-
lymère selon la revendication 1, dans lequel ledit col-
lecteur d’entrée (2) et ledit collecteur de sortie (3)
sont respectivement agencés sur des faces latérales
dudit stratifié de piles (1) et en parallèle à un sens
de stratification des piles unitaires respectives.

5. Assemblage de piles à combustible à électrolyte po-
lymère selon la revendication 1, dans lequel ledit col-
lecteur d’entrée (10) et ledit collecteur de sortie (11)
sont agencés autour d’une périphérie dudit stratifié
de piles (1), de manière à lier les piles unitaires res-
pectives et à réduire une résistance de contact entre
piles unitaires adjacentes.

6. Assemblage de piles à combustible à électrolyte po-
lymère selon la revendication 3, dans lequel des che-
mins d’écoulement du combustible gazeux, du gaz
oxydant, et de l’eau de refroidissement sont dispo-
sés dans chacune desdites plaques d’extrémité (5)
dans un sens perpendiculaire à un sens de stratifi-
cation des piles unitaires respectives.

7. Assemblage de piles à combustible à électrolyte po-
lymère selon la revendication 1 comprenant une plu-
ralité de stratifiés de piles (30), chacun desdits stra-
tifiés de piles (30) comprenant une pluralité de piles
unitaires qui sont disposées les unes sur les autres
par l’intermédiaire de séparateurs conducteurs, cha-
cune desdites piles unitaires comprenant une mem-
brane électrolyte polymère (63), une paire d’électro-
des (69) qui sont agencées au travers de ladite mem-
brane électrolyte polymère (63) et ont respective-
ment une couche de réaction catalytique (62), et une
unité pour alimenter une arrivée de combustible ga-
zeux contenant de l’hydrogène gazeux jusqu’à une
desdites électrodes et pour alimenter une arrivée de
gaz oxydant contenant de l’oxygène jusqu’à l’autre
desdites électrodes,
dans lequel ledit assemblage de piles à combustible
à électrolyte polymère comprend en outre une plu-
ralité de plaques d’extrémité (33) dans lequel chacun

desdits stratifiés de piles (30) est interposé entre une
paire de plaques d’extrémité (33), des chemins
d’écoulement du combustible gazeux, du gaz oxy-
dant, et d’eau de refroidissement formés dans ladite
pluralité de plaques d’extrémité (33) étant respecti-
vement connectés par l’intermédiaire d’un mécanis-
me d’étanchéité aux fluides.

8. Assemblage de piles à combustible à électrolyte po-
lymère selon la revendication 7, dans lequel lesdits
stratifiés de piles (30) sont connectés les uns avec
les autres par l’intermédiaire d’une chambre ayant
une pluralité de chemins d’écoulement à travers les-
quels des alimentations du combustible gazeux, du
gaz oxydant, et de l’eau de refroidissement sont ali-
mentées jusqu’à chacun desdits stratifiés de piles
(30).
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